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PSYCHOPHYSIOLOGICAL EFFECTS OF ACING - D[_'LLOPtING A FUNCITONAL AGE

INDEX FOR PILOTS: 111. M[ASURLMENT OF PILOT PLRFORMANJCE

Introduction.

In two earlier reports on this subject, a literature survey and a
taxonomy of psychological factors which ari age-related and essential to pilot
performance were presented (13,14). It was observed that the 14 factors,
identified by our tax)nomic survey do meet the basic criteria of thcorctical
and operational applicability in regard to the assessment of aviator
proficiency (7). We also concluded from ou:- previous work that there are
performance differences between younger and older pilots and, based oil avail-
able statistical criteria, that the rules which govern the statistical
distribution of abilities, skills, and the underlying psychophysiological
functions may or may riot wcrk in individuai cases. It is well known that
individuals who are of the same chronological- age differ significantly as to
their functional or perfornance capabilities. Any attempt to develop a

functional age index for pilots must, tlce.r&\lore, deal with the means and
methods available to me-asure group and indi,'!dual pilol. performance. 4

We would like to point out that, bLsc.! on statistical data published over
the years by the National Transportatioi S.-'fety Board (NTSB), performance and
performance failures appear to be more imrucrtant to safety-related pilot
proficiency than are health or medical dis5-!ility in flight. The number of'
fatal and no.ifatal general aviation aocddcrts, in which the pilot-in-command

_ _ .. _....... .. .... cause . . . .j... .. , , u LrIL the J-y dL' period -ronm
1970 to 1974, is shown in Table 1. In ana.yzing these data, Jenscn and Benel
of the University of Illinois %'23) est~ib]ished three behavio 31 categories,
namely, Procedural Activities, Perceptua-!.otor Activitiefs, and Decisional
Activities, and they included accidents; wiich involved medical causative
factors into this last category (factos numbered 23 and 24 in the table).
After summing the incidences for these latter two factors, we find that they
account for less than 5 percent of tUne total fatal and less than one-fourth
of 1 percent of all nonfatal accidents (25). One reason fo: this particular
relationship observed in general aviation may be that the private pilots must
be medically examined and certified at regular intervals, w-hereas there are
no regular performance checks required. But the dominance of nonmedical human
factu-'s over medical factors also exists in air carrier accidents in which
illne5s and sudden physical incapacitation of the pilot play a relatively
minor part (33). This makes the analysis and measurement of pilot performance
an even more important issue.

Research on Aviator Performance.

There has been extensive research on aviator performance determinants as
part of the various aviation psychology progrems in this country and abroad.

D D C I~~~~~UST:i!C.A, JCr i ...... ...- '

DOC
iSI.MiOINAURR••T C'ODES '

DEC 27 1978 arM._^V 4i -ei(f~ SP'ECIAL

B7[il 4it-A1~~(~Fiht



TABLE 1 Numter orf fatal and Nonfatal Ceneral ,lation Accidents In Which

the Pilot In Commend is Listed as the CGuse or a Iactor for all Data

lietween 1970 and 1974 for Three Behaoioral Categories 1231

5-Year Totals
Procedural Activities Fatal Nonfatal

1. failed to entend landing gear 1 Ž55

2, failed to retract landing geat 4 14
3. failed to use or incorrectly used miscellaneous equipment 14 6(
4. Improper IFR operation 110 66
5. Improper fuel management 105 l,23l
6. Improper starting procedure 1 30
7. Falile to assure gear down and locked 1 207
8. H13sused or fa'led ti use flapS 27 235
9. Inadvertently retracted landing geai 0 104
10. Retracted gear prematurely 1 26

lotal for Procedural Activities f6- y-,30
Percent of total pilot-r.:used accidents 4.6 5.6

Perceptual-kHotor AcLivi ttes -

I. Delayed action in aborting takeoff 5 236
2. Delayed in Initiating go-around 32 380
3. Failed to see and avoid other aircraft 128 196
4. Failed to see and avoid object 166 757
5. FaIled to maintain flying sp1 eed 846 1,625
6. MISJ',,dmI divence, seed-, altitude, clearance 351 2,864
7. Failed to maintain adequate rotor RPM t6 15)

8. Improper operation of power plant con'rols 685
9. L,ýproper operation of hrakes/flight controls 1 688 a
10. Improper operation of flight cbnnetls L64 569
11. Ie2 roper level-off 10 1,596
12. Improper compen5atlon for cind 12 550
13. Control Inoerference 1
14. Improper recover, from bounced landing 5 8l.
15. Spatial disorientatior, 528 60
If. failure to maintain directional control 13 1,97b

17. Premature liftnfe 11 30I
i1. Failed to aboiL takeoff .6 257
19. Failed to Initiate go-arotod 8 637
20. Exceeded design stress limits of aircraft 121 16

Total for Prrcepcual-Motor ActiOlties T I9-A 47ri
Percent of total pIlot-cadnnd accidentn 43.8 56.3

Decisunoul Artivltis

1. Operaticn of aircraft witi, known dc:iclencns 84 201
2. Operation beyond enperlence/abillty 170 36S
3. ContIntwd VTtl Into known adverse ýeather 717 343
4. Cont~lued flight into known s-vere rurhbulence 18 7
5. Improper Inflight declslons/plaonnlrg 236 597
6. Exercised poor jodnx.nt 235 767
7. Operated carelessly 7 38
8. Selected uinsultable terrain 2? 1 ,230
9. Initiated flight into adverse mrathcr t1. Cl
10. Psdchological coodltton I4
I1. Selected wronig runmay 11 341
l. failed to follow approved procedures 145 425

13. Inadequate preflight planninq or preparation 511 2,341
14. Lack of familiarity with aircraft 121 611
15. Storted without proper assistance 6 81)
16. Becam Insdrlsoies..
17. TdAied, parked without proper assistance 0 67
1. Left aircraft unattended I 8
19, Diverted attentlon from operdtatln of aircraft Ill 501
20. Inadequate sopernislos of fliqtt 6., 610
21. Spontaneos inproper action 15 119
22. MisLvoderstood orders/,irtructlons 3 2u
23. Incapacitation 5U 7
24. Physica' i]mpal r•ent don 65
25. Inadeguate training 0 5
26, Direct entry 9 14

Total for tDecislonal tctivitles 747 TTZS
Percent of total ri lot-caused acci dnts 51., 3.
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Historically, interest In the assessment of pilot proficiency dates hick to
the work oti military aviation problems during World War I. This effort was
greatly accelerated in World War II, and it continues at this time by
generally following the methodological principles, techniques, and operational
procedures of the earlier period. Generally speakinq, performance ,'as been
assessed against a definite task specification that had been obtained b,
either operational analysis, subjective judgments by experts in this
particular field, or numerous performances sampled from adequate populations
(25). There are two major approaches In which pilot performance assessment
can be categorized. The earliest method used in aviation was the qualitative
evaluation of performance based on subjective ratings bv flight instructors or
inspectors, flight examiners, or check pilots. Today, the rater nay use somen
form of quantit;itive verification technique such as descriptions of action
taken, record sheets, or quantitative rating scales or score cards.

The se'cond method of performance assessment consists of the objective
and/or automatic recording of the major performance criteria and evalua-ion
against standardized criterion measures. The goal of this effort is to arrive
at an objective system that leaves no margin for human error. At present the

method most commonly used consists of various mixed techniques, whereby the
subjective ratirns of art observer are complemented and correlated with the
data obtained by an objective recording system or, vice versa, where these two
methods are designed to supplement each other. In this way, more complete
information on pilot. performance in a more or less realistic 5ituation can be
obtained.

As part of a feasibility study dealing with the automated performance
assessment of military pilots, l(noop and Welde (26) discussed the significant
problems inherent in the development of an objective pilot performance
measurement system. They rightly point out thle many difficulties involved in
such an attempt. In accordance with the concept described by Glaser and
Klaus in 1963, they consider the environment in which performance is measured
as a major source of variability (16). Other sources of variance are the
fluctuations inherent in the system that is used to measure performance.
Sensors, sample selection, software, system operators, and response-evaluating
instruments contribute to system variability.

Of the human factoirs directly involved in performance measurement, the
complexity of the behavior being evalu;.ted and the individual differences
affect the consistency and reliability of the measures. Since an individual's
performanc vel ..... my change !reasuranly frO-, one oCcdaiO" dnd one dimension
to the next, each component element in a sense represents a new condition of a
somewhat different level of difficulty. Also, the psychological and physio-
logical conditions of the pilot himself are a source of performance variations,
but we must assume a certain amount of system stability or homeostasis in our
measurement process. Even so, the variations in the scores or data obtained
do reflect a certair, degree of bias and random fluctuations caused by system
instability, intra-individual variability, and other remnant fac-Lors.
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Conceptually, perforrndnce measurements of the kind we are interested in

must, regardless of the degree of subjectivity involved, therefore, be
designed to minimize or eliminate fluctuations and variability to produce I
re'iable results. Of primary importance, as formulated by Knoep and Welde

(25) is the necessity to apply realistic conditions and criteria in the
measurement of plout performance, so that the techniqu• dild the results
obtained are accepted by the plIaL.

In 1952, Smith, Flexman, and Houston of the Human Resources Research
Center, Air Training Command, developed a technique for, as they called it,
"objectively" recording pilot performance (35). They admit.ted, however, that
the "Performance Record Sheets" which were used in the experiment were
designed to describe but not to rate pilot performance. It was thought
essential to develop procedures which would permit recording inflight perform-
ance and to allow for reliable descriptions which could be repeated by several
flight observers. The first step in this pruced:c t-.as to examine all
maneuvers required in the Primary Training Syllabus and to break down each
maneuver into its components. This item breakdown w'as accomplished by a team
of flight instructors and psychologists and aimed at the isolation of the
critical flight elements.

The Performance Record Sheets mentioned before were then tried out on the
specified maneuvers to assure that t;he record procedure was efficient and
practical. In addition, observer reliability studies were conducted to
determine the degree of agreement between the two instructors who observed the
same pilot performance. There were two direct products of this effort:
First, the maneuver analysis was made tc cover all important pilot activities
and second, the technique was rendered reliable and standardized for obtaining
pilot proficiePncy mcasures. Th,• authors concluded that this research repre-
sented the first successful attempt to minutely describe and "objectively"
record actual performance for both contact and instrument maneuvers.

Subjective Pilot Performance Assessment.

Pilot, performance assessment is required by law. At present, in
accordance with Part 61 of the Federal Aviation Regulation (FAR), tne appli-
cant for a civil pilot certificate must pass the appropriate written and
practical tests and medical examnination, must have the ,ecessary flight
instructions ana in the case of a request for ar, air transport rating, be
able to perform satisfactorily a line check. which includcz t,,; duties dand

responsibilities as specified in FAR J.21.440. Hs ability to perform the
required pilot operations is generally judged by tLe way he:

1. Executes procedures and maneuvers within the aircraft's performance
capabilities and limitations, including t;-e use of the aircraft's system or
systems;

2. Executes emergency procedures and maneuvers appropriate to the
aircraft;
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3. Pilots the aircraft with smoothness and accuracy; I
4. Exercises judgment;

5. Applies aeronautical knowledge;

6. Shows masterful handling of the aircraft with the successful
outcome of the procedure or maneuver never Aeriously in doubt.

The syllabus or scenario o, the inflight performance check (which can be
partiaily taken in an approved flight simulator) varies, of course, in
accordance with the type of certificate; but it contains such items as
preflight preparations, aircraft performance analysis, handling of the
aircraft on the ground and in the air, compliance with safe operation
procedures, checklists, and so on.

The flight instructor, examiner, or inspector who ccr.ducts the pilot
operations or flight tests or the proficiency Check, judges or rates the
applicant in accordance with acceptable performance guidelines. These guide-
lines include the factors which will be taken into account by the examiner in J
deciding, whether the applicant, student, or pilot being checked has met the
objective of the intended operation. Emphasis is placed on knowledge,
procedures, and maneuvers which are most critical to a safe performance as a
pilot. For example, the demonstration of fast stall recognition, adequate
control action, and recovery techniques receive special attention. Other
areas of importance include spatial orientation, collision avoidance,
vigilance, and wake turbulence hazards. I

The Practical lests Guide for Airline Transport Pilots (FAA AG-61-49)(11)
contains a few remarks about the rating procedure. It states that throughout
the maneuvers, if appropriate, good judgment commensurate with a high level of
safety mnst be dem.,nstrated. In determining whether such judgment has been
exercised, the inspector/examiner who conducts the check considers adherence
to approved procedures, actions based on the analysis of situations for which

there is no prescribed or recommended practice, and qualities of prudence and
care in selecting a particular course of action. As already mentioned, these
actions must be based on knowledge of the airplane, its stystems and components,
and compliance with approved en route, instrument approach, missed approach,
ATC, or other existing and applicable procedures (11).

Notwithstanding the amount of thought, experience, and care that is and
ha; been invested in the present pilot rating procedure, one has to admit that
it is subjective, based on more or less well defined ard clear criteria,
and--above all--catering to the concept of minimal standards, It is therefore
well worth remembering what Knoop and Welde (25) stated in their study of an
automated pilot performance assessment system developed for the United States
Air Force. They listed the following sources of variance in subjective pilot
ratings:

5
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1. Judgments of this sort are made without reference to a definite
standard since the same maneuver may be flown satisfactorily In a nuv-ber of
different ways.

2. Different standards of performance are usually employed due to
differences in the examiner's knowledge, experience, and proficiency.

I

3. The examiner's operational skill, his personal assessment of tile ?

critical aspects of the maneuver or the job, A,,d his own training may afrect
the perspective and judgment of the ratings.

4. The examiners differ In personal bias toward the student or pilot to
be tested.

5. Raters have different concepts of the specific grading system in
regard to the flight parameters involved, the knowledge tested, weights to be
assigned, and the range of the qualitative categories.

6. It is difficult to compare actual performance with the conceptual

performance and with what the average proficiency level should be at the time
of the check ride.

Since our study program is essentially psychophysical and psychological
in nature, the behavioral factors should be pointed out that Knoop and Welde
(25) assigned to the examiner for evaluation:

1. Ability to plan efetv,.•-

2. Decinion making capability.

3. Sensorimotor coordination and smoothness of control.

4. Ability to share attention and efforts appropriately in an
environment of simultaneous activities.

5. Knowledge and systematic performance of tasks.

6. Confidence proportionate to the individual's level of competence.

7. Maturity, i.e., the willingness to accept responsibility, the ability
to acc-omplish stated objectives, judgments, and reaction to stress,

unexpecte7d conditions, and aircraft emergencies.

8. Motivation (attitude) in terms of the manner in which it affects
performance.

9. Coordination with others (crew members).

i0. Fear of flying.

6



11. Motion sickness.

12. Air discipline, i..t., adherence to rules, regulations, assigned
tasks, and command authority (25).

These behaviorai factors are in very close agreement with the 14 factors
which were identified In our previous taXonomic survey (14). They are rather
Indepenoently found in studies concerning military or civilian airnmn, and
they are consistently associated with successful and nonsucccssful pilot
performance regardless of the level of skill, experience, technology, and
automation. lhe main problem In this context does not concern the validity
of the identified psychological and psychophysiologIcal factors in measuring
pilot proficiency, but the techniques, methods, and n~eans with which these
factors can be assessed with the least error variance possible.

There are many examples in the literature about attempts to improve
subjective rating systems (e.g., 3,13,15). They mostly deal with the problem
of obtaining quantitative measures that. are free from personal or emotional
bias, as well as being reproducible and permanent. In this context, Grunhofer
and Cerbert questioned the validity of proficiency records obtained from pilotb
of the Cerman Air Force (17). Reporting their findings at the AGARD Conference
on Physical Fitness In Flying, Including the Aging and the Aged Aircreov, they
concluded that only objectively measured or assessed flying performrince
reflects intra- and interindividual differences, age-specific changes and,
possibly, insufficiences. And they state: "It is only with measurements of
this nature that we could diagnose when a man has reached the point where he
will be unable to compensate for performance decrements in this or that
particular ability and in a certain flight task, and where the reduced degree
of reliability of inflight heh.vior will n.ý,ý,ge fly-i,- " .. ..

The authors reflected seriously on how to assess significant aspects of
performance and they recommended, as a first steD, the upgrading of the flight
performance ratings from the two-grade system "Satisfactory" and "Unsatisfac-
tory" to a five-grade flying proficiency statement, which would be prepared
by the Wing Commander for every pilot whenever he is due for his annual
physical examination. Such a system would differentiate between proficiency
levels, reduce gross errors in judgment, demand a more analytical approach by
the rater, and provide better quantifiable results. It would also be suitable
for longitudinal studies and permit correlations with flying experiences,
training status, type of aircraft flown, physiological and psychololical data.
. uya. ,vie duLliors conciuded that in this way it may be possible to
recognize in time "critical symptoms of aging," identify certain "syndromes of
aging," and determine "Verhaltensalter," meaning functional age, which could
be used as a criterion for reassignment or retirement from flying.

in Holland, Van der Laan (35) assessed the behavior, of which human
performance is a derivative, of 99 KLM pilots in the cockpit. During the
regular proficiency checks, pilot behavior was graded by means of an elaborate
rating scale. An analysis of the main factors that could be isolated as a
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FLIGHT EVALUATION 1ECORD

SUBJECT HOBBS TACH

INSTRUCTOR FINISH

AIRCRAFT START

FLIGHT TOTAL

QUIZ GRADE DATE

OVERALL GRADE Procedures Judgment
Retention & Problem Motor
& Recall Solving Coowd~nitlcn

FLIGHT PLANNING &FILING

AIRCRAFT PREFLIGHT

START, TAXI & RUNUP

TAKEOFF & DEPARTURE

SLOW FLIGHT

STA' .LS

VOR ORIENTATION & TRACI NG --- 1 A
SIMULATED ENGINE OUT ___

SIMULAVED LOSS OF HORIZON _

PILOTAGE & DEAD RECKONING f

CHANGE IN FLIGHT PLAN

RADIO PROCEDURES_____ Pten Auac
Pat~tern Atcuracy

LANDINGS- ] st

ý;nd

3rd

1 I 5 4 " 2 i 4th

5th

6 th E-L

Figure 1. Flight eva'uation record developed Ly Hollister

and LaPointe (20).
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result of the check ride yi'ided the following loadings: (i) work effieieccy
(r:0.42), (ii) emotienal stability (r=0.23), aid ([ii) sociabi.XItv (rt.17).

In an attempt to identify and determine skill Aegradrition In plrivate
and commercial pilots, personnel from the HassachuseLts Institute of
Technoloqy (111T) conducted fligpht performa!ncC tests for the fAA in 1't72/73
(20). Five experienced plilots were assiqned a- evaluatois for the flight
test program conducted •n a Cessna 150 aircraft. Their evaluation procedure
was "standard'.-ed" on a Flight Evaluation Record Form (see Figre 1) through
discussion periods, standardized flights, and the following guidelines:

"Skill gr,,des were assigned as indicated on the Flight I'valuation Record
Form for major subareas of each flight, plus an ovcrall grade antd written quiz
grade, iyher taken. A grade was entered in all bcxes for wlich the subject's
performance was observed and a dash, if the box 0as not applicable to the
flight or the maneuver was not performed. Grades were assigned oil the basis
as; follows: 5 = perfect, 4 = above average, 3 z average, 1 ; unacceptable,
and 0 = dangerous.

"For all flights, grades were given on the tol.,wlnq: (1) Aircraft
preflight, (2) strrt, taxi, and run-up, (3) takeoff and departure, (4) simu-
lated engine-out, (5) radio procedures, (6) la,,dings, arid (7) overall ,jrade.
For the first and last flights, additional grades were included on slow flight
and sý.3ll and landings. The cross-cou'try flight includ:d additional grades
on: (a) Flight planning and filing, (1) 'VOR orientation and tracking, (e)
simulated loss of horizon, (d) change in flight plan, and (e) landings at
-everal airports (if feasible).

"In general, the en teri f or "avergc" ýia5 that established by the FAA
PrIs5te Pilot Fligjht Test Guide AC 61 (11). Individual grades were assigned
on observed performance in three areas; and an overall grade was recorded.
The graded areas were:

1. Procedure, retention,_ and recall. The subject was expected to be
knowledgeable concerning FAR, Part 61 - Certification: Pilots and Flight
IestruCtors, and Part 91 - General Operations arnd Flight Rules. Written
quizzes. were administertd to each subject prior to the first two flights, but
evaluators were expected to ask questions and observe the subject's adherence
to sp(ecific rules and procedutes as required for safety of flight.

2. JUwt and problem solving. Grades in this crea were based on the
subject's ability to use wvhatever information was avaitabie to him and to
apply it as would be expected for his leve' of pilot certification. EspeciallQy
important was the subject's judgment and actions as related to flight safety.

3. Motor coordination. The "average" pilot was expected to demonstrate
the ability to maintain the aircraft in a safe flight attitude tinder all
normal conditions. For all maneuvers it was required that airspeed be

9
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maintained within + 5 mph, altitude within _. 100 ft, and heading within
+ 100. In addition, the subjec was expected to be able to quickly
recognize unsA(e flight conditions and to take proper action when needed.

4. Overall grade. This concerned the evaluation of the overall skill
and knowledge demonstrated on each flight. The subject was given comments
on his perforwance, but no information on grades or the rating system.

In a similar way but using a more sophisticated format, United Airlines
(UAL) makes a concerted effort to use "objective" test procedures for
assessing pilot proficiency. The grading system now In use is a pass/fail
system, and the evaluation crite+ia used are contained in the airplane flight
manuals whichi were established under the "Specific Behavioral Objectives"
system. The pilot proficiency rating is given in a more general way in
Figure 2. i.t documents how the pilot has been trained and checked and that
the United Airlines fliqht training requirements were met and completed.

Figure 3 is a reproduction of a UAL form which shows the systematic
arrangemert of crew rating requirements in an operational sequence from the
flight preparations to the final approach and landing procedure at the end of
a flight. In addition, Box 6 on that form contains criteria for comments on
general requirements which the crew member must meet during the en route
proficiency check. There also is space for remarks and recommendations
concerning shortcomings, retraining, and flight or crew assignment.

Figures 4 and 5 are reproductions of UAL forms which contain very
detailed information, on the pilot's record for simulator and inflight
training as requested by the company's flight training center. The training
record and grading standards are given inl a very YeIJ=rdl form in Figure 6.

It should also be pointed out in this context that all pilots-in-
command operating FAA aircraft must satisfactorily complete perioJic
proficiency checks; and the results of these checks are recorded on FAA Form
4040-2 (see Figure 7 ). The Record of Check Flight includes 12 categories
containing items of significance to the safe operating and piloting an
aircraft as shown in Figure 7. The check pilot will mark only those items
that are applicable to a particular check ride or proficiency test, and the
grading on each item is either "satisfactory" or "unsatisfactory." Compared
to some of the other examples given in this report, this system of rating
pilot proficiency is rather unsophisticated and does not lend Itself to a
more differentiated assessment of performance.

The proficiency ratings of British airline pilots as directed by the
Civil. Aviation Authority (CAA) is similar to that of its American counterpart.
Methods of assessment generally vary with the individual airlines, and most
of them also apply a simple pass/fail criterion; with a few requesting a
somewhat expended scale providing for remarks like "very good," "good,"
"satisfactory," and "unsatisfactory," or like the European Division of
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British Airways, "above average," "average," etc. Usually, the biannual
competency checks are treated as refresher training as well, and the rating
is of the pass/fail type with most of the pilots passing this affair. The
judgment of the inspector is, of course, subjective and the CAA does not
require or specify detailed evaluation critcria. However, certain ground
rules and standards are available in the "Notes for the Guidance of
Authorized Instrument Rating [xaminers" published by the CM in London (CAP
170), since it is normal practice to combine the instrument rating and
competency check. A combined instrument rating and competency check form is
available for this purpose; and all items annotated on that form as being
relevant to the instrument rating renewal must be rated at least "satisfactory"
in order to pass the proficiency check.

The German Lufthansa has outdone the German Air Force in developing a
"Pilot's Proficiency Report" which permits a rater to specify in great detail
pilot performance during the training and overall proficiency assessment
procedure. ihe report form (Figure 8) contain5 five main areas of Ak
competence, which describe distinct arid observable modes of behavior
(criteria). By using a numerical grading system from 1 to 5 (1 indicating
","unusually effective," 5 indicating "unsatisfactory"), the instructor or
flight inspector may rate the pilot in regard to the required level of
performance. Bit the system is even more differentiated in that the grades
2, 3, and 4 are subdivided, so that actually 9 levels of competence are
available to choose from. Moreover, the five main areas contain the following
items:

1. Knowledge (Knowledge -of Flight Rulcs, Reyulations, and Mechanical

Principles).

Criteria: Is familiar with aircraft performance characteristics;
can explain aircraft systems and knows their locations and
limitations; understands the technical relationships of aircraft
systems and their normal operations; is familiar with emergency
procedures; knows the operational rules and flight procedures.

2. Use of Checklist (Philosophy and Application).

Criteria: Uses the checklist conscientiously and conducts all j

"necessary control actions in a systematic and timely fashion. I
3. Flying Ability.

3.1 Aircraft Handling (Use of Controls)

Criteria: Controls the aircraft with sensible and good
coordination; does not overcontrol during corrections;
demonstrates steadiness in the control actions.
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A

3.2 Basic Flying (Integration of FlighL Procedures)

Criteria: Maintains orientation and po'itiorn in sl,'Jc:; reads
instruments correctly and corrects unwa),ted deviations:
Intermittently scans airspace; antlcxfpates ciianges in flight
conditions; maintains course and d,&sircd flight path; keeps
systens within tolerances.

3.3 Takeoff and Clinh-out (Execution of Prescribed Maneuvers)

Criteria: Executes normal procedures under various conditions
(weight, crosswind, flap poscition, noise abatement); whcn required,
aborts takeiff in time and safely stops aircraft; compensates
for engine failure after V- and proceeds in accordance with
regulations; stays within flap speed schedule.

3.4 Instrument Approaches (Landing Approacies Uitser TFR Conditions)

Criteria. Knows all relevanL subjects and conducts appropriate
briefings; files in accordance with the approved procedures and
observes ATC clearance; proceeds in a timely manner coisidering
all available information; stabilizes flight conditions and stays
in slot; transitions well from IFR to VFR; decides to abort
approach and to go around, if indicated.

3.5 Visual Approaches (Landing Approaches Under VFR Conditions)

Criteria: Observes the %arLous VFR landing procedures (normal,
low circling, different flap settings); accurately determines
downwind and base-leg approach under the prevailing flight
conditions and configuration for proper line-up in slot; makes
glidepath and centerline corrections and stabilikes the aircraft
relative to touchdown area; decides to abort approach and to go
around, if indicated.

3.6 Landing (Execution of Landing the Aircraft After IFR or VFR
Approach Including Touchdown Procedure or Go Around)

Criterla: iTnitial- flarc at t",he appropUldLe time; touches down
on centerline and within tojc>,dowii area; observes after-touchdown
procedui'es; lands aircraft unuer unfavorable conditions (crosswind,
darkness, unusual configurations); initiates go around at the
right time (attitude, power) and takes timely and adequate actions
to land the aircraft.
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4. Abnormal. and Emergency Procedures (In Accordance With Flight
Manuals and Crew Participatior).

Criteria: Rcogni;ezi kind and amount of system failures; takes
appropriate anid immndiate action; uses Abnrjrmal and [mergoncy Proce-
dure List in a timely and coordinated way; keeps airUr-aft under
control.

5. Professional Ability (Abililies and Behavior Important to the
Pilot's Task)

Criteria: knows how to combine instructional idvice and personal
experience; recognizes situations which demand decisions and takes
timely and appropriate actions; establishes the right priorities;
acts calm and controlled; performs effectively under stress.

There is additional space left beJow each of the competence areas to
supplement remarks about the behavior of the candidate or about special
features of his performance which deserves attention; and such statements can
be expanded on the last page of the performance report form under "Comments
and Recomi-iendations" (see Figure 8).

The total form, including the observations, gr'ades, and recommendations,
is shown to the trainee or rated individual at the end of the procedure; and
the rated pei'son has the right to a written reply or rebuttai i.n case of
disagreement. There is also an attempt made by Lufthansa to provide the
instructor or rcter with a kind of standardized rating procedure.

II I

II I

I i=%7 / 7%1 1% 1 0I 7% 12% 7% 1 4%

ABOVE STANDARD STANDARD BELOW STANDARD

1 2 3 4 j 5
UWSUAL.YI VLtAT18-IIEICVlcn VNYIEFFECTIVE STANDARD 040UL "O VE FACTORY

Figure 9. Normal distribution curve.
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The Lufthansa rater is advised to use, If possible, the normal. distribu-
tion curve as the basis of his grade assignments (see Figure 9). In this
process, he should determine if (i) a rating within a certain area and on a
specific criterion is indicated, (ii) the grade 3 is an adequate rating, (iii)
a grade 2 or 4 would be moie appropriate, or (iv) a grade 1 or 5 can be
justified. A satisfactory performance is mandatory either as a measure of
normal progress during transition training or as an accepted standard of
pilot performance. A flight training test or a proficiency check is
considered as passed, if all graded criteria are rated as at least standard
performance.

In the United States, the FAA is aware of substantial variations in the
manner in which inflight performance is assessed, and in the reports which
reflect the evaluation, judgment, ratings, and results of the flight tests
conducted by FAA examiners. The official performance guidelines, descriptive
and detailed as they are, do not presently provide for a real objective
assessment of the procedures, maneuvers, and operations, and even less for the
behavioral characteristics, abilities, and skill of the applicant or pilot to
be tested. As a remedy, the FAA is conducting seminars, training courses,
and workshops for inspectors and examiners. Within the present system, this
will help to increase the reliability, accuracy, and consistency of the
subjective ratings.

By and large, it can be scateJ that there are many subjective systems
available and in use which have been proven practical and efficient for
asses.ing pilot performance. They can be adapted to any operational
situation, expanded tc provide needed or desired information, and kept on
record during the professional life of a pilnt. Althou-gh the dynamics of thle
flight environmcnt, the complexity of the phenomena to be observed, and the
speed with which they occur impose a heavy burden on the examiner, quantita-
tive rating scales for the manual recording and grading of procedures are
still very popular with the airlines and official organizations. They permit
the examiner to evaluate those qualitative behaviors reflecting on the

examinee's ability to cope effectively and safely with the various demands,
requirements, and potential hazards of the total flight environment.

Objective Measurements Usinr Flight Simulators.

A. Fixed-Wing Aircraft. There have been several past efforts under-
taken t-o" d- gn, d-I....1. .and use simulator systems for objectively measuring
pilot performance (9,10,11,12). For example, part-mission simulation
performance measures were aimed at the landing procedure, statistically the
source of most aircraft accidents. In the course of various studies,
starting with a comparison of center sticks versus side control sticks in
1f70, the Crew Station Design Facilty at the Aeronautical Systems Division,
Wright-Patte-ron MA-3, Ohio, had a need for an objective and quantitative
method of evaiuat~ng pilot performance during Instrument Landing Systems (ILS)
approaches and landings. To meet this requirement, a numerical scoring
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system wzs designed and tested which yielded relatively consistent and
reliable measures of landing performance (22). In various studies andcomparisons with other measures, It demonstrated its usefulness to the

intended purpose.

In 1971, Hill and Goebel (19) developed automatic measures of pilot
performance for a General Aviation Trainer (GAT-i). Two years later, they
expanded their investigation through a re-analysis of their earlier
statistics and the addition of a compensatory tracking task. The approach was
based on two separate experiments carried out by using the GAT-i: A basic
experiment with 326 measurements on each of 30 subjects in three different i
experience groups, and an expanded experiment with 2,436 measurements on each
"of 30 subjects from the same three groups. The first experiment included four j
different flight tasks lasting about 10 minutes each; the second experiment
consisted of these and six additional tasks (18).

The results of the experiments showed that there is little difficulty in I
obtaining measurements that correlate with experience. Tables of more than

400 important data elements were prepared by the authors with group means,
standard deviations, and further cross-tabulations that showed which tasks
and measurements were best at discriminating among pilots. The outcome of
the study also indicdted that the statistical approach used by Hill an,
Eddowes (19) was not effective for the development of a practical pilot
performance measurement system; and that different procedures, equipment, and
means had to be used to achieve the intended goal.

* Shipley, Gerlach, and Brecke (32) recorded, analyzed, and discussed the
data obtained fio,,, student pilots while flying a T 4--C simulator. Two some-
what diffezent methods of collecting data were considered. The first one was
the use of a checklist by an expert observer. The observations could have
been made during the subject's actual performance or they could have been made
by inspecting a video-recording sometime after their performance. The second
method considered, and ultimateiy adopted, was the use of an electronic
analog-to-digital recording device to record the several electrical impulses
emanating from and/or entering the simulator's control and instrumentation
systems. A ten-channel, recording device was used to obtain information
about flight instruments, such as altimeter, airspeed, rate of descent,
heading, attitude, power, and throttle activation.

The records were coded, transferred to tape, and treated to indicate
experimental details. The tapes were then evaluated using a three criterion
scoring procedure; namely, time on "target," bit rate, and error amplitude.
Summary scores of the performance of each subject were computed and subjected
to two different analyses of variance to test for differences in performance.
Single observation of response time and maximum altitude for each trial were
also analyzed, The graphic perfeormance plots revealed significant group
differences, among other things.
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Four sets of graphic representations of the data were used as an alterna-
tive for judging the validity of the output of the statistical computations.
One result of the program for generating the graphic displays was the discovery
of two easily observed and computed measures of performance quality, namely,
performance time or time on target and maximum altitude of the vertical S-A
maneuver. (The Vertical. S-A consisted of a series of alternating climbs and
descents flown at a constant rate of speed (1,000 ft/min) and heading.) These
two measures were potentially useful as estimators of general. differences in

performance in subsequent research.

Another study was recently conducted by Carter (5,6), who used the
Northrop LAS/WAVS air combat simulator for automated performance measurements
(APM). He identified a set of measures for the evaluation of air-to-air
combat tactics and various statistical techniques adequate for this process.
The effort consisted of nine major different tasks; namely, maneuver selec-
tion, development of appropriate arid valid evaluation meLhods, measdre
analysis, measure definition, software development, data collection, data
reduction, and measure selection.

The maneuvers selected for the APM study were the bacrel roll attack, the
high yo-yo, and the lag roll. While data were initially collected on all
three maneuvers, problems with the autopilot bogey on the latter two
maneuvers resulted in a Fubsequent decision to limit the study to the barrel
roll attack.

Highly detailed behavioral objectives were developed for each of the
ma~neu~turs ceýntal.-ed in the- Introductory phs of I, the.~ F41 DAe' - .1 1 L--

:14). The methodology and results of this task are documnented in Carter (5).
The detailed understanding of air combat maneuvers gained in this task
provided an important basis for all subsequent tasks in the APM study.

Special scoring forms were developed to provide a much more detailed and
systematic instructor evaluation of student performance than the grading
techniques normally used in flight training. The approach of this problem was
based on the critical incident technique originally developed by John Flanagan
in the 1950's (for a short description of this technique, cf. 14). The rating
form was designed to record instructor observations and judgments relating to
the following in each run: (i) critical errors occuring during the run; (ii)
the qualitative value of critical parameters at each of several points during
the run; (iii) the quality of the end-position achieved; and (Iv) an overall
grade for the run. These data were ultimately rcduced to punched cards by
assigning numerical values to the judgment categories in the qualitative
scales developed for use with the form.

Seven FRJ student pilots and six F4J instructor pilots flew 16 barrel roll
attacks against an autopilot-controlled bogey, for a total of 208 simulator
runs. A total of 552 objective performance measures and an average of 35
subjective performance measures were obtained on each run. Using the
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simulator's replay capability, 64 of the original 208 runs were evaluted
independer:tly by three different instructors to obtain estimates of inter-
observer reliability. Sixteen of these 64 runs were evaluated a second time
by the same three instructors to obtain estimates of 5ntra-observer
reliability. A master tape was constructed which rontained all of the
subjective and objective measures obtained for each run in a format that
permitted statistical analyses of any desired subset of subjects, evaluators,
or performance variables. Several different univariate and multivariate
analyses were performed on selected subsets of the data.

In general, results of the measure selection analysis yielded several
objective measures which were used to augment and facilitate Instru;tor
evaluation and diagnosis in introductory air-to-air tactics ((). Sev-cr4 ets
of atfcmztud measures were identified which had high-multiple correlations
with both instructor judgments and value of critical objective parameters at
later points in the maneuver.

B. Rotary Wing 5imulator. Vreul and Obermayer (37) studied helicopter
crew performance through the analysis of 12 maneuvers in a "Jaycopter." This
effort consisted of time history measures (e.g., time on target, time out of
tolerance), amplitude distribution measures (e.g., mean and median val.ues of
the control movement deviation), and frequency domain measures, which
included such things as autocorrelation functicns, power spectral density
functions, and transfer model parameters. Their interest rested more with the
mathematics and modeling techniques for total system response than with the
human factors involved. Vreul and Obermayer concluded that the engineering
hardware and the behavioral research methods are available to provide
objective pilot/system nperformanc.. measuremets of sufficient accuracy. The
major constraints appeared to be primarily related to the amount of time and
effort required to define the parameters and to test the validity of the
method and results, but data collection and handling are easily accomplished
by computers and automatic data processing (ADP). In order to reduce the
costs of obtaining performance information and to maximize their utility or
applicability, the authors suggested that methods and software should be
improved.

Specifically, the cost of empirical data collection for obtaining
quantifiable information on performance parameters can be reduced if: (i)
attempts are made to collect: only the type of results which Ccan be genelAiied,
and (i1) only such information is collected that can be standardized and
catalogued for use by others.

The data collected by Vreul and Obermayer (37) meet these criteria. They
discriminate very well among their seiected parameters. In addition, the
authors made some measurement5 in actual flight.

28

| n |n m || -1 .



Table 2. T-37 Flight Variables Recorded by Knoop (26)

Variable Units Samples

Airspeed knots 100

Pitch deg. 100
Roll deg. 100

Stick Position (Long.) deg. 100

Stick Position (Lat.) deg. 100
Rudder Position deg. 100
Heading deg. 10
Altitude feet 10
Vertical Acceleration g's 10
Pitch Rate deg./sec. 10
Pith Rat deg.fsec. 10
Yaw Rate deg./sec. 10
RPM (both engines) percent 10
Throttle Positions deg. P110
Flap Position percent 10
.ar•dirng Gear discrett 10

Speed Brakes dicrerate I0
Thi usl Attenuator discrete 10

'Trini Tab Movements discrete 10
T hrs./min./sec. 10
Rwcord Number integer 10
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Figure 10. Lazy 8 maneuver profil.e.
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Inflight Performance Measurements.

A. Fixed-Wing Aircraft. Extensive inflljht research in fixed-wing
aircraft has been conducted by Knoop and Welde (26) and Knoop (25) in order
to develop an objective performance measuring system for use in Undergraduate
Pilot Training (UPT) in the U.S. Air Force (USAF). This was accomplished by
an automated performance measurment system which was reliable, sensitive, and
accurate. A T-37B was instrumented to record the flight variables listed in
Table 2.

This effort was at first directed to investigate the feasibility of using
quantitative measurement techniques for two of the flight maneuvers taught in
the USAF UPI flight syllabus, namely, the Lazy 8 and the barrel roll. The I
Lazy 8 is a mdneuver requiring simultaneous turning and climbing or descending
in such a fashion that a regular horizontal figure 8 is described about aI selected point of reference located on the horizon. Figure 10 illustrates the
nine maneuver elements of the Lazy 8. The element numbers coincide with the
circled task analysis number used. The barrel roll consists of an aerobatic
roll maneuver of 3600 bank about a selected reference point located ahead of
the aircraft. The sensors and recording equipment were strictly off-the-shelf
components that had proved to be reliable in previous flight test projects.
An extensive computer software system was developed with which to reduce,
calibrate, and analyze the recorded data from the Lazy 8 and barrel roll
maneuvers, and to compute performance measures. Criterion values for the two
maneuvers were developed by utilizing task analysis data, narrative
descriptions, and recorded inflight maneuver performance of a highly qualified
Air Traininq Command instructor niont,

The data were systematically sampled, digitally encoded and recorded
on magnetic tape. The calibrated records were then inspected to produce
printouts, plots, and card copies of selected parameters for use in
the data analysis procedure. Typical plots for the La&y 8 and barrel roll
are shown in Figures 11 and 12. By utilizing the recorded data obtained
from 16 students and 4 instructors, experimental performance measures were
derived through an iterative analytical approach.

Study results indicated that Lazy 8 performance assessment can be
accomplished using the flight parameters of roll angle, pitch angle, and
adispeed in a single, summary error measure. Barrel roll measurement Is
dependent upon roll and pitch angle, acceleration, and roll rate. A definite
relationship between roll and pitch Wds critical to the measurements.

In a later report concerning the development of standardized techniques
for deriving and validating measures of operator performance, Connelly,
Bourne, Loental, and Kroop (9) described the theory, structure, and implemen-
tation of a processor (written in FORTRAN IV) that can accept data representing
various levels of operator's skill and analyze performance measures and
validation test results. The theoretical concept of their study and the
computational techniques were thought to have great potential for this type
of activity. 31
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The same processor was used for measurement problems associated with five
UPT contact training maneuvers flown In the T-37 aircraft., namely, barrel roll,
Lazy 8, Clover Leaf, Split S, and a normal landing (8). The activities

necessary for obtaining the desired measurements included several steps, such
as the development of criteria, the determination of tlie significance of
deviation from these criteria, the search for candidate performance measures
and their ADP transformation, their validation, and the design of an adequate
data management process. A generalized flow diagram of the process is given
in Figure 13. Some possible criterion and performance measure factors
applied in this context are shown in Table 3. The analytical method included
the identification of' two types of function segments (locus and sequence)
within a given control task, wherein the set of dominart measurement
variables is consistent., In this way, portions of each individual task and
portions of each task segment, in which the operator's primary control
functions remained consistent, were identified. ;his suggested that the
specific nature of the continuous or discrete measures was compatible with
the intended performance assessment.

B. Rotarv Wing Aircraft. Billing (I), Billings, Eggspuehler, Cerke,
and Chase (2)•, and Billings, Gerke, Chase, and [ggspuehler (3) delineated a
quantitative and objective method of evaluating pilot performance in a
Hiller 12-E helicopter. The aircraft was instrumented for recording rotor I
velocity (rpm), cyclic and collective pitch control movements, and throttle

posit;on. After many tryouts and calibration, these parameters were found
promising to measure pilot performance during low--level flights of varying
demands and amounts of work, in particular during power line inspeCtion!_.
Sever~a years latcr, the duLhors vai~dated their previouz results by
copducting experiments with a mixed group of flight instructors and
students, recording the student's electrocardiogr,i.ns as indexes of workload
and fatigue. The findings from this study supported their hypothesis that
rotor rotations per minute (in terms of rpm variability) was a valid index of i
pilot skill in helicopter flight, and that methods used in these experiments
are useful tools for assessing pilot performance.

Investigations by personnel of the U.S. Army Aeromedica7 Research
Laboratory in Fort Rucker, Alabama, during the 1974/77 time period concerned
pilot performance during nap-of--the-earth (NOE), low-level, and local area
flights (13,24,29). Most of the experiments wcrc centered about tbn a5sess-
ment of helicopter crew pcrformance, the nature of the flight and combat
environment, the operational demands, perceptual problems, and the develop-
ment of .propriate methods of workload measurements. Infllgh, measurements
of the aviator and the recording of aircraFt parameters provided results
which were sensitive to workload aind fatigue by extended flight durations.

Performance data wert obtained thr-ough the use of the helicopter inflight
monitoring system (HIMS). This research tool provided for the real acquisi-
tion of all major aircraft motion and pilot control parameters. It monitors
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Table 4. Heltcopter Flight Parameters Measured and Derived

by Kimbell et al. (24)

Parameters Measured Derived Measures

Pitch Pitch Rate

Roll Roll Rate

Heading Rate of turn

Position x Constant Eiror, Average Absolute Error, RMS Error

Position y Ground Speed. Constant Error Average Abso!ute Error,

RMS Error

Accct!.ration x

Acceleration y

Acceleration z

Roll Rate Roll Acceleration

Pitch Ratc Pitch Acceleration

Yaw Rate Yaw Acceleration
Radar Altitude Rate of Climb. Average Absolute Error., Constant Error,

RMS Error

Barom--tric Altitude Rate of Climb

Airspeed
Flight Time

Rotor RPM

Throttle
Cyclic Stick (Fore-Aft) Control Position, Absolute Cont-ol Movement Magnitude,

Cyclic Stick (Left-Right) Positivw Control Movement Magnitude, Negative Control

Collective Movernt it Magnitude, Absolute Average Control Aovement

Pedals Rate, Av, -aae Positive Control Mnvprnent Rt, Avprnne

Negative Control Movement R:ie, Control HP'ersals,
Instantaneous Control Reversal, Control Steady State,

Control Movement
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and record5 aircraft motion in all six degrees of freedom as well as all
pilot control movements. A list of the parameters measured and derived Is
shown in Table 4.

The helicopter pilot performance measurements were supported by
industry developments in the area of pilot contribution to aircraft system
operation. An example of this effort is a technique to gather empirical data
on the inflight acquisition of task sequences and task times designed by the
Vought Corporation in Dallas, Texas. Vought had demonstrated key features
of the proposed system, using existing equipment, in a recent helicopter
vision study contracted by the U.S. Army Aviation Systeos Command. The
visual/audio data can be supplemented, complemented, or verified with other
system measures which are common to the instrumentation of all new military
aircraft. These include: stick/rudder/throttle positions, rates of deflec-
tion, and forces; aircraft flight profile; aircraft subsystems moding and
performance (15).

The measures are available to record what the pilot is doing to operate
the aircraft within prescribed mission tolerance and how the aircraft is
responding. Such data, when reduced and processed, as in the Vought Human
Performance model, provide graphic/numeric readout of accuracy of performance
to prespecified tolerances.

Advanced Inflight Monitoring yst ems. j
In retrospect, the concept -,f an automatically recordina inrlight

monitoring system for air transnort typne ir ftinzdLed as a neznn to
-.5e 'tI twodLO aut a~r mexns to

increase flight safety. As Ferrarese (12) po.nt.ed out, there exists a
credibility gap when pilots rCepori that any given flighqt is operated in
accordance with establish(.ed )rocedures, that the aircraft's systcrivs function I
normally, and that there are no safety pokilerns on the ground and In the air.
System malfunctions, deviations froii ac-eeptea oractice, and pilot error's do
occur. The causative factors, such as internal conditions and cnvirormcntaM-
forces having adversr safety effects, gre most difficult to identify and .it
is sometimes impossiblu to assess thcir rimpact f:om th't cockpit.

The means to close this inflight information gap is fouid in new,
technically advanced flight recorder equipment. Hod,' o... systems and d
............. can oe employed- to gather information concerning ther
performance of the aircraft and of the pilots; and means arc available to
reduce such information i.,•o some understandahle end usci"'u forl .1*l,-.peed
analysis systems can compare tnu obtain.r-d iinlozi:uotion to established nonflP.
In order to measure and evaluate performance, one must compare elwhat 5hould
hcppen" to "what is a:tually happeni•g." Flight recording and analyzing
systems which cant do this at':: a tcchnic"i reality.

As to the possible t'se of automatic intlight recording for ubtaining
proficlen, y measures, Ferrarese k12) stlated:

33

I :'

S..... m m m ( m m m '-m m N .. w * 'tg '1



"A good example might be the practice of reaffirming pilot
competence with respect to flying the instrument landing system
(ILS) each six months. Is this really necessary if during actual
operation the ILS flight is always conducted within the safe-flight
envelope, and this is a matter of record? The system can identify
those who do vell. It is thereby -ossible for the individual and
the operator to be relieved from cei'tain portions of aircraft
flight checks at fixed intervals. Likewise. those who depart from
established norms because of proficiency problems may be given
training as the situatlon dictates, rather than at some fixed period.

"In a typical system, safe-flight envelopes or programmed
operating limits are described. Mathematical models of these
envelopes or norms arc programmed in computers. Flight data are
fed into the cimpucers and compared to the stored models. All
excursions are identifiad and, where appropriate, given fur'ther
qualitative and quantitative analysis. Part of the analysis will
be to determine if the stored model is valid or in need of change,
whether the variables are properly considered, and if the
airborne data are adequate, as well as determine the adequacy of
procedures, equipment and techniques. This operation is a most
critical part of the system and requires input from all elements
of the industry. Flight crews, engin(ers, medics, supervisors,
ground personnel may all be brought into the picture.' I
Airline manaqement has had a long standing interest in the improvement of

proficiency assessment of airliftS pilots. Current sampling of a pilot's
performance consists of one line check and two prefiriency checks per year.
A line check- is an audit of pilot performance durinn a flight over a typical
part of the route served by the darline, and it is normally made by an
airline check pilot: or an FA% inspector. Several major airlines use the
flight simulator extensively for training and proficiency checks of their
pilots, The simulator can be equipped with the necessary devices to obtain
not only an aircraft type rating, but also for evaluating the adequacy of the
pilot's line performance, if the performance is measured against professional
flying standards on an idequate and factual basis. The question must now be
asked whether such techniques can also he used under actual flying conditions.

Indeed, flight monitoring and analysis systems are available and are being
used to assess pilot performance in objective and measurable terms. Such
automated performance measurement systems lntherently permit the assessment of

pilot perf:ormance to be highly sensitive, valid and reliable, since perform-
ance can be recorded on-line for a large number of system variables. Greater
accuracy regarding the performance of pilot and aircraft under the prevailing
flight conditions is provided by an automated system than by a human observer,
since more pilot actions, aircraft responses, and flight parameters can he
recorded within a certain period of time. By automatically analyzing the data
M oLutained, a high degree of objectivity and reliability is guaranteed which
•annot possibly be afforded by hiLnan observation.
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Examples of these systems will now be described and their use for the
measurement of pilot performance will be discussed. The selection of the two
systems was based on their availability at the time this report was prepared;
and it is not Inferred that there arc no other systems available or in the
design stage, which could not be applied or modified for the purpo, of
automatically recording, analyzing, and measuring pilot or aircrew berform-
ance. At present, the two systenms described be]ow come very close - the
concept of an advanced inflight monitoring system as envisioned by the FAA.

Coicern about flight safety was essential for American Airlines (AA) to
propose, develop, and use the "Astrolog" program (30). Based on operational
experience, several desirable attributes of a safe, flight operation were
described in words and then converted into specific numerical limits. This
process delineated satisfactory flying performance in a workable digital form.
The thcee parties that participated in the process of deciding on what the
operational envelopes should be were the Amcrican Airlines piloting manage-
ment, the Allied Pilots Association, and the FAA. In setting operational
standards concerning the size of the various envelopes on speed, altitude,
attitude, etc., the amount of deviation from those standards was recorded and
analysed. Automatic data handling and processing techniques were extensively
used in this process. The software could be adjusted to accommodate new
information and changing requirements.

The "Aircraft Integrated Data System" was installed in the BAC-111
aircraft and employed for the intended purpose for several years. In order to
keep the amount of data at E manageable minimum, the data proccssli-y method
was based on the maldgement-by-exccption concept; i.e., only deviations from
the "standards" were recorded, and a primary document known as an "Exception
Report" was rendered.

I
Table 5. American Airlines Astrolog Exception Report

DATE 04 01 69 FLT 1014 LEG I ACFT 014 CAPT NO 12345

TIME FROM 200 FT AFL TO TOUCHDOWN 32 SEC CP1
TIME FROM 50 FT AFL TO TOUCHDOWN 21 SEC CPT

FUEL FLOW VARIATION BETWEEN 85 FT AFL AND 51 FT AFL 2100 PPH 2345 GMT CPT

OUT 2230 GMT OFF 2235 GMT ON 2346 GMT IN 2350 CMT
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The Exception Reports were used by M supervisory pilots to initiate II
corrective action appropriate to each specific situation. A sample of an
Astrolog Exception Report is shown in Table 5. In case additional information
was needed, two other kinds of machine-produced documents were available. j
They would provide trend Information by exception type. When widespread 1
instances of a particular deviation from the standards occurred, the operating
procedures, training programs, or the operational envelope involved were
examined. All of the recorded data and several calculated items were
produced in the form of a pinted list, knowii as d frame-by-frame printout.

An underlying assumption of the Astrolog program was that an excursion

outside the established operational envelope is a warning of possible
trouble, while operation inside the established range is demonstrated proof of I
satisfactory performance. The validity of this assumption has been proven by

information obtained by the analysis of aircraft accidents and incidents. It
is also compatible with our concept of measuring pilot performance in an
age-related functional framework.

To assist the analysis of data further, or the study of a particular
portion of flight, a third form of output was obtained by Astrolog. These are
profiles of selected data drawn by a plotting machine. A sample plot is shown
as Figure 14. This particular plot is a time history of several data items.
Various types were available, drawn to scales appropriate to the study of _

takeoffs, landings, or entire flights (30).

The recorded data are also available for purposes other than flying
safety evaluation. Other po5ssblC uses include elyire dnd airplane performance
measurement, automatic tracking for air traffic delay data, and analysis of
compliance with optimum flight plans. In this context, the system can be used
to record aircraft/pilot interaction, and it yields objective measurements of
pilot performance. The "Astrolog" system was invented by Captain W. A.
Braznell, American Airlines. The program was discontinued in 1971 '.hen the
BAC-111 aircraft, in which the system had been installed, were taken out of

service.

Another example of an attempt to make use of existing technology for
recording and assessing pilot performance automatically is the development and
application of the advanced inflight monitoring system designed by Trans Wnrld
Airlines (MWA), Incorporated (34). Since 1968, TWA has undertdken to monitor
each approach and landing made by its crew members during their routine flight
conditions. In September 1975, TWA recorded the two millionth monitored
approach. An expanded inflight system was recently installed in the L 011
aircraft. Rather than recording only seven parameters associated with the
landing approach, the new system records 30 flight performance parameters
throughout the entire flight range from engine start to engine shutdown. A
detailed listing of the 13 trend modes and the 30 performance parameters to be
recorded is given in Appendix A (see also Appendix A, Figure A-l).
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Data handling and analysis have been very "ell organized. The data are
taken on magnetic tape, which is removed at layover points and then traasmitted
to TWA's Kansas City computer via data terminals and telephone lines. Any
deviation from the limits established for the 30 flight crew performance
parameters is recorded by the computer along with the flight number, date, and
crew. Thus, each pilot's performance is monitored during each flight by an
Impartial recorder and the results are retained for later evaluation.

Details concerning the TWA AIDS/Inflight Monitoring System are given in
Appendix A. In a brief entitled "Trend Modes" the modes are listed In which
aircraft operations are sensed and recorded. There are three different
reports generated when the system is in operation. Examples of these reports
are also given in Appendix A. The first is an Exception Report obtained as the
result of a "L 1011 Flight Analysis." It contains information about the
rodte, flight crew, takeoff and landing weight of the aircraft, date, time,
and mode of the flight as well as type of exceedence (localizer, glide slope,
calibrated airspeed, and descent rate deviations) (See Appendix A, Figure A-2).
The parameters listed in columns 7 through 11 in this report show the
recorded values for the localizer, magnetic heading, radio altimeter, flaps,
and glide slope deviations.

The second report is the "L 1011 Performance Summary by Captain" which
contains information such as the total number of crew performance deviations
during the entire month, the total number of flight legs monitored, instrument
approaches, instrument approach exceedences, and the number of exceedences per
flight leg (see Appendix A, Figure A-3).The third report is the "L 1011 Monthly
System Summary" which provides operational trends and points out areas of
par,:inular conCern (see AnlndnHfv A Figure A-L). Fore...., xcedn r-- I/ y

more than 15 knots consistently would need a closer observation and corrective
action. TWA is convinced that this program will increase the safety of the
operation and will provide more reliable and accurate performance and
proficiency measures than the occasional observation in a stereotyped
situation and by subjective judgment.

One has to consider, of course, some of the shortcomings or weaknesses of
the fully automated performance measurement method, that have been pointed out
by several investigators (4,12,25). First, it has been mentioned that auto-
matic recordings of pilot performance does not show nor explain what is going
on in the pilot's brairi. There are many subtle aspects of judgment and
decision mtking that co not lend themselves to recording; and automated
performance measurement usually permits the assessment of only those actions
by the pilot which directly affect the performance and motion of the aircraft.
Hence, a sudden deviation from the glidepath or an unprogramed Increase in
speed may be caused by an unpr3gramed event, such as an unexpected obstacle on
the runway, a failure in the lighting system, or a visual illusion. And the

reason f0,2 the "ur,:usired" ocviation from the program may not become obvious
from the records onlaineo during the pilot action, although the deviations
were necessitated -or safety reasons. Moreover, there may be psychological or
psychosocial problems that affect pilot action and express themselves
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unconsciously and remain unexplained and may Influence, oily temporarily and
with no lasting degradation, his performance. These factors can become
important and some of them, in particular those generated by the environment
in flight and observable to the inspector pilot, may be detected, explained,
and analyzed by a subjective assessment technique. By and large, however,
these flaws of the automated objective method do not diminish the overall
value of this method, which provides data free from personal bias.

As a remedy for the possible negative features of the automatically
recording objective assessment system, a multivariate method has been
recommended by several scientists in this country and abroad (4,25). They
saggest that subjective ratings, physiological recordings, and automated
measurements be combined to yield a total performance score. However, this
approach also has some inherent flaws, in particular since it is not always
possible to attain these three scores concomitantly. Moreover, the
physiological data obtained under test conditions are often ambiguous, and
they may contribute more uncertainties and variance than improve reliability.
For certain conditions of performance measurement, for example, during solo
flights where there is no instructor pilot in the cockpit, the automatic
recording seems to be the only accurate and reliable means to collect
performance data, and in this case the recording of some physiological
parameters can help to assess performance.

Knoop and Welde (26) suggested, hat pilot acceptability becomes a rather
important point, when the time arrives for making the decision to implement
an automated pilot performance measurement system. Apparently, there is
evidence that pilots accept•such a ssyz:cm If it ha- been proven to be sensi-
tive, valid and faL- (34). As far as the training situation is concerned, it
can be argued that, whatever type or level of sophistication of advanced
performance mcasurement is attained, the human observer should always be part
of the system. But this is not the point here. The purpose of this survey
was to find out whether or not there exist objective methods which can be
used to obtain performance profiles usable for the assessment of pilot
proficiency. This question can be answered affirmatively.

Summary and Conclusions.

The purpose of this study was to describe how pilot perfnrmane- Can be
jautitored and assessed, and what means, techniques, methods, and instruments
are available to measure pilot performance accurately and reliably. Such
measurements will have to be made if a functional age index or an objective
proficiency standard for pilots is to be developed that can be used as a
criterion for extendinq or terminating an aviator's career.

It has been shown in this context that the attomt;t to develop criteria
and means for the assessment of pilot performancu daLt. back to World War I.
There were two major approaches taken in order to reach this goal; namely,
(i) the qualitative evaluation of performance based mainly on instructor
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Sratings and flight inspector judgments, and (ii) quantitative grading of
performance based on numerical rating scales and recordings of pilot actions
which reflect the quality of the performance. Several examples were given to
illustrate these efforts.

Within the qualitative assessment system, which is highly subjective in
nature, there are several steps of sophistication, ranging from a simple
pass/fail rating to detailed, multi-facet!d descriptions of the examinee's
behavior, personality, and performance. It has been voiced by many
researchers familiar with psychological assessment techniques that any attempt
at manually recording infldght activitles is highly questionable, since the
rater is often unable to effectively time-share the task of observing and
recording multiple parameters at an appropriate sampling rate. His judgment,
primarily based og an overall impression of the examinee's effort, may be
involuntarily biased, unreliable, and occasionally unfair. Actually,
however, this method is still being used and is generally accepted and
opcrationally rather effective.

The more advanced method of measuring pilot petformance is based on the
concept that data should be recorded objectively and independently of the
ability, judgment, and standards of the examiner/inspector. The highest
degree of accuracy and reliability can be attained when permanent records of
actions and behavior of the pilot are furnished by an automated data
acquisition system. Rcview of the pertinent literature suggests that the
following steps are indicated in the development and use of an objective
performance measurement system:

1. Performance analvsis in order to estahbhih qnififble

descriptors or criteria of performance (including the
definition of errors, scales, and scoring techniques).

2. Raw data collection.

3. Selection of a unit of measurement in regard to human subsystem
or operator performance.

4. Selection of the important, adequate, and useful measurable
parameters.

5. 'leas ureF-eumjiL sy5Lem test and evaluation.

6. Calibration and standardization of the measurement system and
its validation against the intended purpose and other available
modes.

7. Calibration and standardization of the data and preparation
of the information in a practical, manageable, and usable
form.
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It was shown in the course of this discussion that with all the computers
and ADP available today, pilot performance cai, be measured objectively,
accurately, and reliably. Such measurements discriminate effectively between
different levels of operational requirements, demands, skill, arid proficicncy.
If properly evaluated, such data should be useful not only for measuring pilot
performance at a particular point in time, but also for predi.cting later or
expected proficiency through the analysis of current performance and its
comparison with past performance.

The military services, private industry, and the airlines have made great

.rides in the design and application of objective, automatically recording,
inflight monitoring systems. While mostly developed for research purposes,
they are now being viewed for application on a routine and regulatory basis.
Owing to their capability of monitoring simultaneously the performance of the
aircraft and the human operator, they are the ultimate in assessment systems
design and application. They offer great possibilities for the establishment
of a functional age index for pilots. Most probably, this development will
first affect the air carriers; but the other groups, namely, the military and
the general aviation pilots, will also utilize the advantages offered by

progress in this area. The vertification of the concept and its validation
is still a matter of future research.
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APPENDIX A

STWA INFLIGIUT MONITORING SYSTEM

TREND MODES

Trend
Mode No. Iitle Descrirtion of Cue Initiationr

TI ESU Engine Start - Nu. ', 2 oi, 3 Fuel/Ignition
Switch On.

TZ XtCOR Takeoff Roll - No. I Engine Thrust Lever

advanced to 70% power.

T3 Vz Radio Altitude . 35 I-eet.

T4 CLBl Climb I - Radio Altitude Ž 1,600 Feet.

T5 CLBZ Climb 2 - Altitude Coarse .9, 855 Feet.

T6 CL33 Climb 3 - Altitude Coarse IZ0 000 Feet.

T7 CRZ Cruise - Pitch Computer-Altitude Hold Mode
is engaged for 15 minutes.

T8 DSTI Descent I - Pitch Computer-Altitude Hold

Disengage and Alti'ude Coazse Decreases.? 1, 000&: L.

T9 DST2 Descent 2 - Altitud, Coarse 1 9,%450 Feet.

TIO APPI Approach - Radio Ai1 Atude S 1, 500 Feet.

Tl APPZ Approach 2 - Radio Altitude . 500 reet.

TI ROLT Rillout - Air/Ground Sensor Aircraft on ground,

Ti3 ESD Eng-ne Shctdown - No, 1. Z and 3 Fuci!J.ti'n
Switches Off.

Log'c is provided for alternate flow of trend mode i:ogression as indicate•l
on the follo!-iiig chart. Tzend mode cue initiazion is the samne a above.
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Figure A-I. Logic for alternat.e flow of trend mode p'ogCession.
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FLI3GHT CREW PEak ORMAAICGS PARAMTLIES
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